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Electrochemical Data. I X .  E l e c t r o l y t i c  Conduct ivi ty  of Aqueous 

So lu t ions  of Hydrofluoric Acid 

ABSTRACT 

This  r e p o r t  gives  a c r i t i c a l  eva lua t ion  of a v a i l a b l e  d a t a  on t h e  

e l e c t r o l y t i c  conduc t iv i ty  of aqueous s o l u t i o n s  of h y d r o f l u o r i c  a c i d  a t  

0, 16 ,  18, 20 and 25 "C. The d a t a  a t  25 "C a r e  more ex tens ive  than a t  t h e  

o t h e r  temperatures .  Data on t h e  d e n s i t i e s  of aqueous s o l u t i o n s  of 

h y d r o f l u o r i c  a c i d  covering t h e s e  f i v e  temperatures  a r e  a l s o  included. 

I. In t roduc t ion  

This  r e p o r t  g ives  a c r i t i c a l  eva lua t ion  of a v a i l a b l e  d a t a  on t h e  

e l e c t r o l y t i c  c o n d u c t i v i t y  of aqueous s o l u t i o n s  of h y d r o f l u o r i c  a c i d  a t  

0, 1 6 ,  18, 20 and 25 * C .  The a v a i l a b l e  d a t a  on t h e  e l e c t r o l y t i c  conduc t iv i ty  

of h y d r o f l u o r i c  ac id  a r e  not  as  extensive as f o r  t h e  o t h e r  halogen a c i d s ,  

HCL, H B r ,  and H I .  

wax or  wax l i n e d  c e l l s  had t o  b e  used owing t o  t h e  co r ros iveness  of hydro- 

f l u o r i c  ac id .  The d a t a  i n  t h e  l i t e r a t u r e  a r e  r epor t ed  on v a r i o u s  concen t r a t ion  

s c a l e s :  mole percen t ,  weight pe rcen t ,  volume d i l u t i o n ,  e t c .  These d a t a  were 

a l l  converted t o  t h e  m o l a r i t y  b a s i s  using a v a i l a b l e  d a t a  on t h e  d e n s i t y  of 

aqueous s o l u t i o n s  of hydro f luo r i c  acid. The d e n s i t y  d a t a  were f i t t e d  t o  

polynominals,  t h e  c o n s t a n t s  f o r  which are  given i n  t a b l e  1. A l l  d a t a ,  where 

necessa ry ,  were a l s o  converted t o  the Jones-Bradshaw r S 1  c o n d u c t i v i t y  s t anda rd ,  

t h e  1 2 C  s c a l e  of atomic weights ,  and t h e  a b s o l u t e  e l e c t r i c a l  u n i t s  [SI .  

The temperature range s tud ied  has  been l i m i t e d  a l s o  s i n c e  
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Whereas HCk, HBr, and HI were treated as completely dissociated in 

previous reports in this series, HF is incompletely dissociated at finite 

concentrations with the degree of dissociation controlled by the two 

equi 1 ibr ia: 

HF 2 H+ + F- 
and 

H F ~ -  ;r HF + F- 

with the first one more significant at concentrations below 0.001 molar. 

The equilibrium constants for these reactions are given, respectively, by: 

and 

a -  
HF2 

C HF2- 'HF2- 

where a, c, and y denotes respectively, the activity, concentration and 

activity coefficient of the species denotes by the subscripts. If we let 

2 y and y 

to the stoichiometric concentration, C, of HF, and assuming, as a start, 

be the ratios, respectively, of the concentrations of F- and HF - 3 

that all activity coefficients'are unity, we have: 

For the simplified versions of equations 5 and 6 1-y-2y is set equal to 

urii i y . 
3 
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Now the observed conductance of HF is given by 

A = yAo + y3Xo ( 7 )  

where A, is the sum of the limiting equivalent conductances of H+ and F- and 

X, is the sum of the limiting equivalent conductances of HF2 

the simplified versions of equations 5 and 6 for y and y 

in equation 7 gives: 

- + and H . Solving 

and substituting 3 

ll(1 + c/k)ll2 = ( A o a ) / & +  (Aom/k)fi (8) 

Wooeter [ 7 ]  converted this equation to a linear form by multiplying by E, 

adding and subtracting cdlov~/k 

squaring both sides, and simplifying; this procedure gave: 

2 2 

1/2 to the right side, dividing by (1 + c/k) , 

( 9 )  ai2 = Ao2K + [2A0A0-1 + ( l - A o / A 0 )  /(1 + k/c)lAo Kc/k 
2 The term ( l - A o / l i 0 )  /(1 + k/c) becomes negligible at low concentrations and 

at high concentrations approaches asymptotically the limit (l-A, //Lo ) . Hence, 

this term may be neglected when A o / A 0  is sufficiently close to unity to render 

2 (l-A0/4,) negligible with respect to (2A0/1i0-1). Accordingly, equation 9 

reduces tq 

2 

(10) 
2 CA2 = 1i02K + C (2A0A0-l~0 )K/k 

If we now introduce corrections €or the ionic activity coefficients, y , ,  and 

changes in ionic mobility with concentration, m, we have: 
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Values of y and m a r e  g iven ,  r e s p e c t i v e l y ,  by 
C 

and 

where A B and B a r e  c o n s t a n t s ,  given by: c '  1 2 

3 e 1 / 2  
= (%) 2.302585 kJE 

2 

6 e kT(1 +/m B1 = e 
1000 e kT 

= F2 ( 8rrNe2 R2 - 3nTN 1000 e kT 

23 -1 where rr = 3.14159265, N i s  Avogadro's cons t an t  (6.02252 x 10 mol ), e i s  t h e  

e l e c t r o n i c  charge (4.80298 x 10 

e r g  K 

- 10 -16 e su ) ,  k i s  Boltzmann cons t an t  (1.38054 x 1 0  
-1 

), T i s  the  abso lu te  temperature ( t  + 273.15)"C, s is  t h e  d i e l e c t r i c  

c o n s t a n t  of wa te r ,  and i s  t h e  v i s c o s i t y  of water  i n p o i s e s .  Values of 

Ac, B1, and B 

r e p o r t s  [8]. 

from 0 t o  100 "C are given i n  t h e  f i r s t  r e p o r t  of t h i s  s e r i e s  of 
2 

A p l o t  of t h e  l e f t  s i d e  of equation 11 a g a i n s t  C(l-A/A0), i f  t h e  

requirements  a r e  m e t  f o r  t he  e l e c t r o l y t e  under cons ide ra t ion ,  should be a 

L s t r a i g h t  l i n e  wi th  an i n t e r c e p t  of no K when C(l-Ll/Ao) = 0 and a s l o p e  of 

2 (2L~,Ao-A0 )K/k. Values f o r  K and k can, t h e r e f o r e ,  be obtained i f  va lues  of 

I r ,  and X, a r e  known. 
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11. ho Values f o r  HF 

The fol lowing A0 va lues  f o r  HF have been r e p o r t e d  by v a r i o u s  au tho r s :  

- t " c  Values Authors 

0 

16 

18 

18 

20  

25 

25 

25 

25 

25 

25 

25 

255 

350.3 

361.7 

364 

374.2 

393.2 

399 

397.3 

400.2 

400.2 

404 

404 

C.  B. Wooster C71 

W. A. Roth C9l 

W. A. Roth [9] 

E.  G. H i l l  and A. P. S i r k a r  Cl] 

W. A. Roth [9] 

E. Deussen 1101 
R. Wegscheider [ll] 

H. Pick [ 1 2 ]  

C .  W. Davies and L. J. Hudleston C131 

K. Fredenhagen and M. Wellmann r41 

W .  A. Roth r 9 l  

C. B. Wooster [ 7 1  

By us ing  t h e  l i m i t i n g  equivalent  c o n d u c t i v i t i e s  of i ons  a t  25 "C a s  

compiled by R. A. Robinson and R. H. Stokes [14? w e  g e t  405.0 f o r  A, f o r  

HF ( t h e i r  va lues  were converted t o  abso lu te  u n i t s  h e r e ) .  T. Erdey-Gr&, 

L.  Majthgnyi and E. Kugler [ l 5 ]  using Shedlovsky's [161 values  f o r  HCL 

and NaCa and t h e i r  va lue  f o r  NaF obtained 405.04 on the  o ld  Parker conduc- 

t i v i t y  s t anda rd ,  which becomes 405.09 on t h e  Jones-Bradshaw standard.  

126.39 f o r  A0 f o r  NaCa [141, 105.43 f o r  I\, f o r  NaF 1153, and 426.06 f o r  f\, 

f o r  HCL [17] ,  one o b t a i n s  405.10 f o r  I\, f o r  HF; t h i s  va lue  w a s  s e l e c t e d  a s  

t h e  most r e l i a b l e .  

r e s p e c t i v e l y .  

Using 

Wooster [7]  gave 225 and 404 f o r  A, a t  0 " and 25 " C ,  

Using t h e  r a t i o  405.10/404 the  va lue  a t  0 "C  becomes 255.69. 
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From a l i n e a r  p l o t  of 'io aga ins t  1 / T  one ob ta ins  354.29, 365.85, and 377.26 

f o r  'io a t  16 ,  18, and 20 " C ,  r e spec t ive ly .  

Wooster [ 7 ]  gave 437 and 275.4 f o r  A ,  a t  25 and 0 O C ,  r e s p e c t i v e l y .  

On conve r t ing  t o  the  above b a s i s  and as ing  a (A"-l/T) p l o t  A =  becomes 276.15, 

383.08, 395.62, 407.99, and 438.19, r e s p e c t i v e l y ,  a t  0 " ,  16 O ,  18 O ,  20 ",  

and 25 " C .  

111. Resul t s  

The a v a i l a b l e  d a t a  on HF a t  25 " C  and s tud ied  h e r e  appear i n  papers  by 

Deussen [ 101, Fredenhagen and Wellmann [41, TSomas arid Maass [181 , E l l i s  1193, 

and Erdey-GrLz e t  a1  115;. 

s i g n i f i c a n t  f i g u r e  and Erdey-GrLz e t  a1 only  f o r  very  d i l u t e  s o l u t i o n s ;  t he  

Thomas and Maass r epor t ed  t h e i r  r e s u l t s  t o  only  one 

l a t t e r ' s  d a t a  a l s o  appear low on a p l o t  of equat ion  11. The d a t a  of Deussen, 

Fredenhagen and Wellmann, and E l l i s  agree w i t h i n  t h e i r  experimental  u n c e r t a i n t y  

and were f i t t e d  t o  equat ion 11. 

Roth r91 wh i l e  d a t a  a t  18 " C  were obtained both  by Koth [9] and H i l l  and 

S i r k a r  r l ] .  The d a t a  of H i l l  and S i r k a r ,  however, were very  much lower than 

Data a t  16 and 20 " C  were obtained only by 

those  of Roth and were incons i s t en t  with t h e  d a t a  obtained by o the r  experimenters  

a t  o the r  temperatures .  For 0 " C  d a t a  were obta ined  by Deussen r l O l  and H i l l  

and S i r k a r  111; the  l a t t e r  d a t a  showed e r r a t i c  changes wi th  changes wi th  

concen t r a t ion  and Deussen's d a t a  a t  0 " C  were, t h e r e f o r e ,  s e l e c t e d .  

A l l  of t hese  d a t a  were f i t t e d  t o  equat ion 11. From a p l o t  of t h e  l e f t  

s i d e  of equa t ion  11 aga ins t  C ( l - i L / i i o ) ,  t h e  fo l lowing  va lues  were obtained f o r  

K and k: t "c  K k s 
X 

0 0.001090 0.4130 0 .7  

16 .0007819 .3622 1 . 2  

18 .0007546 .3544 1 .1  
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(continued) 

sX 
t O C  K k - - 

-1 2 -1 ohm cm equiv 

20 .0007310 .3476 1.1 

25 .0006838 .3810 0 .6  

The s values are the standard deviation with whizh equation 11 was 

fitted over the concentration range of 0.004 to 1.0 N €or 0 O C ;  of 0.006 

to 0 . 2  N for 16 O C ,  18 O C ,  and 20 O C ;  and 0.004 to l.!) N for 25 O C .  

X 

Equation 11 may be rearranged to give for  Ii: 

2 2 It was found also that (rnlr) (l-l~!A~) and (m/y) ( l - ~ ~ / l ~ o ) 2  may be expressed, 

Therefore, equation 11' may be written: 

(14 )  2 2 
A = [Ao K(j l  + j , '  Aog c)C + 2 A Q A o - L  K ( j ,  + j,' log c)l 

k 

Values of j,, j l ' ,  j 2 ,  and j ' follow: 2 

0 1.37 0.307 1.28 0.363 0 . 7  

16 1 .28  0.230 1.26 0.320 1 . 2  

18 1 .28  0.230 1.26 0.320 1.1 

20 1 .28  0.230 1.26 0.320 1.1 

25 1.34 0.268 1.29 0.341 0 . 6  
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'l'lie s va lues  are t h e  s tandard dev ia t ions  w i t h  which equat ion 11 was fC t t ed  

over tlie c o n c e n t r a t i o n  raiige o f  0 .004  N t o  1 .0  N for  0 (; and 25 r ' C  a ~ i d  f o r  

0 .006 N t o  0 . 2  N f o r  tlie o t h e r  temperatures.  

X 

Values of t h e  equ iva len t  conductances of 1IF for roiitided c o n c e n t r a t i o n s  

a r e  given i n  t a b l e  1. Valries a t  o t h e r  concen t r a t ions  may be c a l c u l a t e d  from 

equa t ion  14.  

I V .  Additional R e s u l t s  

As a p a r t  of s t u d i e s  on e l e c t r o l y t e s  f o r  iise i i i  f u e l  c e l l s ,  Broderick r 2 0  

and Ca i rns  i211  obtained some d a t a  on the s p e c i f i c  conductances of aqueous 

s o l u t i o n s  of HF a t  va r ious  temperatures .  Ca i rns  used polye thylene  c e l l s .  

Rroderick gave p l o t s  of d a t a  f o r  37 .7  " C  and 93.3 " C  f o r  9-48 weight p e r c e n t s ;  

o r i g i n a l  d a t a  a r e  no t  a v a i l a b l e  and data  must be read from h i s  p l o t s .  C a i r n s '  

d a t a  were a l s o  p re sen ted  in graph form bu t ,  on r e q u e s t ,  supp l i ed  u s  w i t h  h i s  

numerical  d a t a .  H i s  r e s u l t s  follow: 

Xole 'X 

H F  

1 0  

20 

36 

40 

45 

57 

S p e c i f i c  conductances (ohm-lcm-') a t  
~ 

27 .5  " C  

0.142 

.281 

* 555 

---..e 

.715 

1.015 1 , 0 6 1  I ----- 

95 " c  105 " C  

* 
I n t e r p o l a t e d  va lue  from a p l o t  of K-- e. 1 / T .  

*lJ 
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V. Conclusions 

The data on the conductivity of aqueous solutions of hydrofluoric a c i d  

are not as extensive as would be desired. Considerable more work should be 

undertaken especially with corrosive-resistant cells 2nd high grade water. 

The temperature range for the s tudies  should also be extended. 
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TABLE 1. Dens i t i e s  of aqueous s o l u t i o n s  of hydro f luo r i c  a c i d  

d = A + Bx + Cx + Dx + Ex + Fx5 2 3 4 

t Range 

" c  w t  x 

0 0-30 

0 0-55 

0 0-100 

15 0-36 

15 0-54 

18 0-30 

20 0-30 

25 0-36 

25 0-36 

A 

0.99987 

.99987 

.99987 

.99913 

.99913 

.99862 

,99823 

.99707 

.99707 

x = weight pe rcen t  

I I 
I I 

3.9195991 

4.7054323 

4.6517950 

3.5298728 

3.5071240 

3.9715164 

4.0609889 

4.3871406 

4.8586702 

1.1378659* 

-4.4508545 

-3.5739025 

5.1493690* 

6.1430179* 

-1.5633072 

-1.8447565 

-1.7089521 

-7.2688975 

1 

' 

a - s t anda rd  d e v i a t i o n  

* - x10 6 

0 " C  H i l l  and S i r k a r  E11 

15 O C  Domange [2] 

18 " C  H i l l  and S i r k a r  hi 

20 " C  Winte le r  [SI  

25 "C Fredenhagen and Wellmann c41 

a 
5 

4 x10 

12 .5  

29.2 

73 .1  

5 . 0  

5.0 

5 .0  

3.9 

3 .0  

9 . 8  
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TABLE 2 .  Equivalent  conductances of aqueous s o l u t i o n s  of h y d r o f l u o r i c  

a c i d  a t  0 ,  1 6 ,  18 ,  20, and 25 " C .  

C - 

0.004 

,005 

.006 

.007 

.008 

.009 

.01 

.02 

.05 

.07 

-10 

.20  

0 " c  

106.7 

9 7 . 7  

90.9 

85.5 

81.1 

77.3 

74.2 

56.2 

39.3 

34.7 

30.7 

24 .8  

16 " C  

----- 

112 .9  

105.7 

99.9 

95.0 

90.8 

67.7 

46 .8  

41.3 

36.4 

29 .6  

18 " c  

----- 

114.6 

107.3 

101 .3  

96.4 

92.1 

68 .8  

47.6 

41.9 

37.0 

30 .1  

----- 
----- 

116.3 

108.9 

102.9 

97.8 

93.5 

69.8 

48.3 

42.6 

37.7 

30.7 

25 " C  

140.5 

128.1 

118 .8  

111 .4  

105.4 

100.4 

96.1 

7 2 . 2  

50 .1  

44.3 

39 .1  

31.7 

U S C OMM- NB S - D C 


